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MULTI-BEAM OPTICAL SCANNING DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a multi-beam 

optical scanning device, and in particular to a 
multi-beam optical scanning device which is adapted 
to perform image formation using a multi-beam laser 
having plural luminescence parts (luminescence 

10 points) as light source means in order to attain high 
speed and high recording density and is preferable 
for image forming apparatuses such as laser beam 
printer, a digital copying machine, and a multi- 
function printer having an electrophotographic 

15 process. 

Related Background Art 

FIG- 27 is a sectional view of a principal part 
in a main-scanning direction of a conventional multi- 
beam optical scanning device using light source means 

20 having plural luminescence parts. 

In the figure, plural light beams, which have 
been emitted from a multi-beam laser 91 having plural 
luminescence parts, are converted into substantially 
parallel light beams by a collimator lens. 92, 

25 converged only in a sub-scanning direction by a 

cylindrical lens 94 having a predetermined refractive 
power only in the sub-scanning direction, shaped by 
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an aperture stop 93, and focused in a focal line 
shape extending in a main-scanning direction in the 
vicinity of a reflective surface (polygon surface) 
95a of a rotating polygon mirror 95 serving as a 
5 light deflector. Then, the plural light beams, which 
have been reflected and deflected by the polygon 
mirror 95 rotating at a constant angular velocity in 
a direction of arrow 95b in the figure, are 
respectively condensed in a spot shape on a 
10 photosensitive drum surface 97, which serves as a 

surface to be scanned, by two f0 lens systems 96a and 
96b serving as a scanning lens system 96. The light 
beams are used for scanning at a constant velocity in 
a direction of arrow 97b in the figure. 

15 In such a multi-beam scanning optical system, 

if plural luminescence parts A and B are arranged 
vertically in one line in a sub-scanning direction as 
shown in FIG. 28, an interval of plural scanning 
lines in the sub-scanning direction on a 

20 photosensitive drum surface becomes much larger 

compared with recording density. Thus, usually, the 
plural luminescence parts A and B are arranged to be 
tilted in a direction corresponding to the sub- 
scanning direction as shown in FIG. 29. By adjusting 

25 a slope angle 5 of the luminescence parts A and B, an 
interval of plural scanning lines in the sub-scanning 
direction on the photosensitive drum is adjusted 
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accurately according to recording density. 

In addition, if plural light beams made 
incident on a photosensitive drum surface return to a 
multi-beam laser due to regular reflection of the 
5 photosensitive drum surface, oscillation of the 

multi-beam laser becomes unstable. If the regular 
reflected light returns to an optical system, 
reflected light returns to the photosensitive drum 
surface due to surface reflection of the optical 
10 system to cause ghost. Thus, conventionally, as 
shown in FIG. 30, an angle in a sub-scanning 
direction formed by the plural light beams to be made 
incident on the photosensitive drum surface 97 and a 
normal line of the photosensitive drum surface 97 is 

15 set to be a predetermined angle (incident angle) p. 
Consequently, the regular reflected light on the 
photosensitive drum surface 97 does not return to the 
multi-beam laser and the optical system. 

If such a structure is adopted in a multi-beam 

20 optical scanning device, as shown in FIG. 31, a 

scanning length of each of the plural scanning lines 
on the photosensitive drum surface 97 varies, and a 
deviation in a main-scanning direction is caused in 
focus positions of respective spots on the 

25 photosensitive drum surface 97. As a result, a high- 
quality image cannot be obtained. 

There have been proposed various multi-beam 
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optical scanning devices which solve this problem 
(e.g., see Japanese Patent Application Laid-Open Nos . 
H5-333281 and H9-197308). In Japanese Patent 
Application Laid-Open No. H5-333281, an angle formed 
5 by plural light beams in a sub-scanning direction and 
a normal line of a photosensitive drum surface is set 
to be equal to or smaller than a predetermined angle, 
whereby a positional deviation of focusing in the 
main-scanning direction is reduced. In Japanese 
10 Patent Application Laid-Open No. H9-197308, a 

positional deviation of focusing in a main-scanning 
direction is cancelled by decentering a focusing 
optical system and adjusting an amount of the 
decentering . 

15 However, in the multi-beam optical scanning 

devices proposed in these laid-open patent 
applications, both a positional deviation of focusing 
in the main-scanning direction and a focusing 
property (spot shape) cannot be satisfied 

2 0 simultaneously. 

For example, in Japanese Patent Application 
Laid-Open No. H5-333281, the positional deviation of 
focusing in the main-scanning direction is simply 
reduced and made less conspicuous by setting the 

25 angle formed by the plural light beams in the sub- 
scanning direction and the normal line on the 
photosensitive drum surface to be equal to or smaller 
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than the predetermined angle. Japanese Patent 
Application Laid-Open No. H5-333281 does not disclose 
a fundamental solution against the positional 
deviation of focusing in the main-scanning direction 
5 at all. 

In addition, in Japanese Patent Application 
Laid-Open No. H9-197308, the positional deviation of 
focusing in the main-scanning direction is cancelled 
by decentering the focusing optical system and 

10 adjusting an amount of decentering. However, if the 

focusing optical system is used in a decentered state, 
a focusing spot shape on the photosensitive drum 
surface tends to be deteriorated. Therefore, it is 
difficult to attain high image quality and high 

15 recording density. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to 

provide a multi-beam optical scanning device which 
20 satisfies both a positional deviation of focusing in 

a main-scanning direction and a focusing property 

simultaneously and is optimal for high speed and a 

high image quality. 

Further characteristics of the present 
25 invention will become apparent from the accompanying 

drawings and the following description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a main-scanning sectional view of a 
multi-beam optical scanning device of a first 
embodiment of the present invention; 
5 FIG. 2 is a sub-scanning sectional view of the 

multi-beam optical scanning device of the first 
embodiment of the present invention; 

FIG. 3 is a. diagram illustrating a first 
positional deviation in the first embodiment of the 
10 present invention; 

FIG. 4 is a diagram illustrating a second 
positional deviation in the first embodiment of the 
present invention; 

FIG. 5 is a diagram illustrating a third 
15" positional deviation in the first embodiment of the 
present invention; 

FIG. 6 is a diagram illustrating a state in 
which the first positional deviation is corrected by 
the second positional deviation and the third 
20 positional deviation in the first embodiment of the 
present invention; 

FIG. 7 is a diagram showing a first positional 
deviation amount in the first embodiment of the 
present invention; 
25 FIG. 8 is a diagram showing the first 

positional deviation amount in the first embodiment 
of the present invention with the horizontal axis 
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changed; 

FIG. 9 is a diagram showing a second positional 
deviation amount in the first embodiment of the 
present invention; 
5 FIG . 10 is a diagram showing a third positional 

deviation amount in the first embodiment of the 
present invention; 

FIG. 11 is a diagram showing a total positional 
deviation amount after the first positional deviation 
10 is corrected by the second positional deviation and 
the third positional deviation in the first 
embodiment of the present invention; 

FIG. 12 is a main-scanning sectional view of a 
multi-beam optical scanning device in a second 
15 embodiment of the present invention; 

FIG. 13 is a sub-scanning sectional view of the 
multi-beam optical scanning device in the second 
embodiment of the present invention; 

FIG. 14 is a diagram showing a first positional 
20 deviation amount in the second embodiment of the 
present invention; 

FIG. 15 is a diagram showing the first 
positional deviation amount in the second embodiment 
of the present invention with the horizontal axis 
2 5 changed; 

FIG . 16 is a diagram showing a second 
positional deviation amount in the second embodiment 
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of the present invention; 

FIG. 17 is a diagram showing a third positional 
deviation amount in the second embodiment of the 
present invention; 
5 FIG. 18 is a diagram showing a total positional 

deviation amount after the first positional deviation 
is corrected by the second positional deviation and 
the third positional deviation in the second 
embodiment of the present invention; 
10 FIG. 19 is a main-scanning sectional view of a 

multi-beam optical scanning device in a third 
embodiment of the present invention; 

FIG. 20 is a sub-scanning sectional view of the 
multi-beam optical scanning device in the third 
15 embodiment of the present invention; 

FIG. 21 is a sub-scanning sectional view 
showing an embodiment of an image forming apparatus 
of the present invention; 

FIG. 22 is a diagram illustrating a positional 
20 deviation in a main-scanning direction of plural 
beams which are generated when a beam to be made 
incident on a drum and a normal line of the drum have 
an angle in a sub-scanning direction; 

FIG. 23 is a diagram illustrating a state in 
25 which principal rays of plural light beams on a 
scanning start side are reflected by a polygon; 

FIG. 24 is a diagram illustrating a state in 
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which principal rays of plural light beams on a 
scanning end side are reflected by a polygon; 

FIG . 25 is a diagram for explaining that 
respective spots causes a positional deviation in a 
5 main-scanning direction on a drum surface when plural 

convergent beams to be made incident on an f0 lens 
have a positional deviation in the main-scanning 
direction; 

FIG. 26 is a diagram showing a state of 
10 scanning lines which are formed by plural beams on a 
drum surface in the case in which plural light beams 
to be made incident on an f9 lens are convergent 
beams; 

FIG. 27 is a main-scanning sectional view of a 
15 conventional multi-beam optical scanning device; 

FIG. 28 is a diagram showing how luminescence 
points of the conventional multi-beam optical 
scanning device are arranged; 

FIG. 2 9 is a diagram showing how luminescent 
20 points of the conventional multi-beam optical 
scanning device are arranged; 

FIG. 30 is a diagram illustrating an 
arrangement in a sub-scanning direction of light 
beams to be made incident on a drum and a normal line 
25 of the drum of the conventional multi-beam optical 
scanning device ; 

FIG. 31 is a diagram for explaining that 
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lengths of respective scanning lines are different in 
the case in which light beams to be made incident on 
a drum and a normal line of the drum are arranged 
forming a predetermined angle in a sub-scanning 
5 direction; and 

FIG. 32 is a schematic diagram of a principal 
part of a color image forming apparatus of an aspect 
of the present invention. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

{ First embodiment ) 

FIG. 1 is a sectional view of a principal part 

in a main-scanning direction (main-scanning sectional 

view) of a first embodiment of the present invention. 
15 FIG. 2 is a sectional view of a principal part in a 

sub-scanning direction (sub-scanning sectional view) 

of FIG. 1. 

Here, the main-scanning direction indicates a 
direction perpendicular to a rotation axis of a 

20 rotating polygon mirror and an optical axis of a 
scanning lens system (a direction in which light 
beams are reflected and deflected (deflected for 
scanning) by the rotating polygon mirror) , and the 
sub-scanning direction indicates a direction parallel 

25 to the rotation axis of the rotating polygon mirror. 
In addition, a main-scanning section indicates a 
plane which is parallel to the main-scanning 
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direction and includes the optical axis of the 
scanning lens system. A sub-scanning section 
indicates a section perpendicular to the main- 
scanning section. 
5 In FIGS. 1 and 2, reference numeral 1 denotes 

light source means which consists of, for example, a 
multi-beam laser in which plural luminescence parts 
(luminescence points) A and B are arranged to be 
tilted by an arbitrary angle with respect to a 

10 direction corresponding to the sub-scanning direction. 

Reference numeral 2 denotes a condensing lens 
(collimator lens) serving as a first optical system. 
The condensing lens 2 converts plural light beams 
emitted from the light source means 1 into convergent 

15 light beams (or divergent light beams). 

Reference numeral 4 denotes a lens system 
(cylindrical lens), serving as a second optical system. 
The lens system 4 has a predetermined refractive 
power only in the sub-scanning direction and focuses 

20 plural light beams, which have passed through the 

condensing lens 2, on a reflection surface (polygon 
surface) 5a of a rotating polygon mirror 5, which 
will be described later, substantially as a linear 
image in the sub-scanning section. 

25 Reference numeral 3 denotes an aperture stop, 

which limits a width of the plural light beams which 
have passed through the cylindrical lens 4 . 
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Reference numeral 5 denotes a rotating polygon 
mirror which has reflection surfaces for deflecting 
plural light beams emitted from the plural 
luminescence parts A and B, respectively • The 
5 rotating polygon mirror 5 is rotated at a constant 
velocity in a direction of arrow 5b in the figure by 
drive means (not shown) such as a motor. 

Reference numeral 6 denotes an f0 lens system 
(scanning lens system) , which has an f0 property, 

10 serving as a third optical system. The f0 lens 

system 6 has first and second f0 lenses (scanning 
lenses) 6a and 6b. The f0 lens system 6 focuses the 
plural light beams, which have been deflected and 
reflected by the polygon mirror 5, on a surface to be 

15 scanned 7 and brings the reflection surface 5a of the 
polygon mirror 5 and the surface to be scanned 7 into 
substantially a conjugate relation in the sub- 
scanning section to thereby correct toppling of the 
reflection surface 5a. 

20 Reference numeral 7 denotes a photosensitive 

drum surface (image bearing member surface) serving 
as a surface to be scanned. The photosensitive drum 
surface is formed in a shape of a drum having a 
rotation axis along the main-scanning direction. 

25 In this embodiment, two light beams, which have 

been optically modulated according to image 
information and emitted from the multi-beam laser 1, 
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are converted into convergent light beams by the 
condensing lens 2 and made incident on the 
cylindrical lens 4. In the main-scanning section, 
the light beams made incident on the cylindrical lens 
5 4 exit the cylindrical lens 4 in an unchanged state 
and pass through the aperture stop 3 (partially 
shielded) . In the sub-scanning section, the light 
beams converge and pass through the aperture stop 3 
(partially shielded) and focus on the reflection 

10 surface 5a of the polygon mirror 5 substantially as a 
linear image (linear image longitudinal in the main- 
scanning direction) . Then, the two light beams, 
which have been reflected and deflected on the 
reflection surface 5a of the polygon mirror 5, are 

15 guided onto the photosensitive drum surface 7 via the 
f0 lens system 6, respectively, and rotate the 
polygon mirror 5 in a direction of arrow 5b in the 
figure to thereby optically scan the photosensitive 
drum surface 7 in a direction of arrow 7b in the 

20 figure (main-scanning direction) at a uniform 

velocity. Consequently, two scanning lines are 
formed on the photosensitive drum surface 7 serving 
as a recording medium, and image recording is 
performed. 

25 In this embodiment, in order to prevent regular 

reflected light reflected on the photosensitive drum 
surface 7 from returning to the optical system as 
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described above, an angle in the sub-scanning 
direction formed by principal rays of two light beams 
to be made incident on the photosensitive drum 
surface 7 and the normal line of the photosensitive 
5 drum surface 7 are set to be a predetermined angle 
(incident angle) p as shown in FIG. 2. 

In the case in which an angle in the sub- 
scanning direction formed by principal rays of two 
light beams to be made incident on the photosensitive 
10 drum surface 7 and the normal line of the 

photosensitive drum surface 7 are set to. be the 
predetermined angle P, focusing positions of 
respective spots deviate in the main-scanning 
direction, 

15 Here, a principle explaining how the focusing 

positions of the respective spots deviate in the main 
scanning direction will be described using FIG. 22. 
Note that, for ease of explanation, it is assumed 
that there are two luminescence parts. 

20 FIG. 22 is a perspective view of a principal 

part representing a state in which two scanning lines 
are used for scanning the photosensitive drum surface 
7 in a parallel manner. In the figure, orthogonal 
coordinates with the main-scanning direction assumed 

25 to be the Y axis, the sub-scanning direction, that is, 
a direction in which the photosensitive drum moves 
assumed to be the Z axis, and the normal line 
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direction of the photosensitive drum surface 7 
assumed to be the X axis will be considered. 

As shown in the figure, it is assumed that an 
angle formed by principal rays of light beams to be 
5 made incident on the photosensitive drum surface 7 

and an optical axis of the f0 lens system at the time 
of a maximum scanning angle of view is 0, and an 
angle formed by the XY plane and a plane formed by 
light beams to be made incident on the photosensitive 

10 drum surface 7 is {3. 

In this case, in the two scanning lines, an 
optical path length difference 5L is caused in a 
traveling direction of the light beams. When it is 
assumed that an interval in the sub-scanning 

15 direction of the respective scanning lines, which 

scan the photosensitive drum surface 7 simultaneously, 

is P, the optical path length difference 8L can be 
represented as follows: 
8L = P x sinP 
20 Moreover, since the optical path length 

difference 5L in the traveling direction of the light 
beams is caused, a positional deviation is caused in 
. the principal rays of the two light beams to be made 
incident on the photosensitive drum surface 7 in the 
25 main-scanning direction (Y direction) . A positional 
deviation amount 8Y1 (maximum value) at an end in the 
Y direction of the figure can be represented as 
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follows : 

8Y1 = 5L x tanG = P x s inP x tanG 
In the figure, it is assumed that, when a 
direction of a positional deviation of a scanning 
5 line on a minus side (lower side) in the Z direction 
with respect to a scanning line on a plus side (upper 
side) in the Z direction is on a plus side in the Y 
direction, a sign of 8Y1 is +. 

In this embodiment, an incident angle P in the 

10 sub-scanning direction formed by the respective light 
beams to be made incident on the photosensitive drum 
surface 7 and the normal line of the photosensitive 
drum surface 7, an angle 9 formed by the principal 
rays of the light beams to be made incident on the 

15 photosensitive drum surface 7 and the normal line of 
the photosensitive drum surface 7 at the time of a 
maximum scanning angle of view in the main-scanning 
section, a degree of convergence of light beams to be 
made incident on the f0 lens system 6, and the like 

20 are set such that, in the case in which the 

positional deviation amount 8Y1 is plus, a positional 
deviation amount 5Y2 in the main-scanning direction 
of focusing points of the respective light beams on 
the photosensitive drum surface 7, which is generated 

25 by converting the light beams made incident on the f0 
lens system 6 into convergent light beams, is minus, 
and a positional deviation amount 6Y3 in the main- 
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scanning direction among focusing points of the 
respective light beams on the photosensitive drum 
surface 7 due to magnification chromatic aberration, 
which is generated by a relative wavelength 
5 difference of the light beams emitted from the two 
luminescence parts A and B, is minus, and the 
positional deviation amount 5Y1 and an amount found 
by adding the positional deviation amount 5Y2 and the 
positional deviation amount 5Y3 are in directions in 

10 which the amounts are offset each other. 

In addition, an incident angle p in the sub- 
scanning direction^ formed by the respective light 
beams to be made incident on the photosensitive drum 
surface 7 and the normal line of the photosensitive 

15 drum surface 7, an angle 8 formed by the principal 
rays of the light beams to be made incident on the 
photosensitive drum surface 7 and the normal line of 
the photosensitive drum surface 7 at the time of a 
maximum scanning angle of view in the main-scanning 

20 section, a degree of convergence of light beams made 
incident on the f0 lens system 6, and the like are 
set such that, in the case in which the positional 
deviation amount SY1 is minus, the positional 
deviation amount 5Y2 is plus, and the positional 

25 deviation amount 5Y3 is plus, and the positional 

deviation amount 5Y1 and an amount found by adding 
the positional deviation amount 8Y2 and the 
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positional deviation amount 5Y3 are in directions in 
which the amounts are offset each other. 

A principle explaining how, in the case in 
which the respective light beams made incident on the 
5 f9 lens system 6 are convergent light beams, a 

positional deviation in the main-scanning direction 
is caused in the focusing points of the respective 
light beams on the photosensitive drum surface 7 will 
be hereinafter described with reference to the 

10 drawings. For simplicity, the description is made on 
the assumption that there are two luminescence parts. 

As described above, in the multi-beam optical 
scanning device with the structure in which the two 
luminescence parts A and B are arranged to be titled 

15 with respect to the direction corresponding to the 
sub-scanning direction as shown in FIG. 29, since 
reflection angles after the two light beams are 
deflected and reflected by the polygon mirror 5 are 
different from each other, spots are focused in 

20 positions apart from each other in the main-scanning 

direction on the photosensitive drum surface 7. Thus, 
in the multi-beam optical scanning device with such a 
structure, image data is sent by staggering timing by 
a predetermined time 5T such that a focusing position 

25 of a light beam emitted from one luminescence part is 
aligned with a position where a light beam emitted 
from the other luminescence part, which is a 
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reference luminescence part, is focused on the 
photosensitive drum surface 7. 

FIG. 23 shows this state. FIG. 23 is an 
explanatory diagram showing a state in which 
5 principal rays of two light beams on the scanning 
start side are reflected on the reflection surface 
(polygon surface) 5a of the polygon mirror 5. 

In the figure, first, a light beam, which is 
emitted from the luminescence part A, is reflected on 
10 the reflection surface 5a of the polygon mirror 5 in 
a direction of Al in the figure and focused on the 

photosensitive drum surface 7 by the f9 lens system 
(not shown) 6. 

Next, a light beam, which is emitted from the 

15 luminescence part B at a time staggered by the 

predetermined time 5T, is reflected by a reflection 
surface 5' in a direction of Bl' in the figure, that 
is, the same direction as Al in the figure, whereby 
focusing positions of spots of the respective light 

20 beams coincide with each other. 

However, although the principal rays of the two 
light beams after being reflected by the polygon 
mirror 5 have the same incident angle on the f9 lens 
system 6, since a deviation is caused in the 

25 reflection positions of the principal rays of the 

respective light beams, the principal rays are made 
incident on the f0 lens system 6 deviating in the 
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main-scanning direction by 8ys . 

In the case in which the two light beams to be 

made incident on the fO lens system 6 are 
substantially parallel rays, even if a deviation is 
5 caused in the principal rays of the respective light 

beams in the main-scanning direction by 8ys, focusing 
positions of spots on the photosensitive drum surface 
7 are the same . 

However, in the case in which the two light 

10 beams to be made incident on the f0 lens system 6 are 
convergent light beams, if a deviation is caused in 
the principal rays of the respective light beams in 
the main-scanning direction by 5ys, a deviation is 
also caused in focusing positions in the main- 

15 scanning direction of spots on the photosensitive 
drum surface 7. 

FIG. 25 is a schematic diagram of a principal 
part of an optical system for explaining this 
phenomenon. In the figure, reference numeral 6 

20 denotes an f0 lens system. It is assumed that a 

distance from a light outgoing side principal plane 
11 of the fG lens system 6 to a natural convergent 
point 14 of the convergent light beams made incident 
on the f9 lens system 6 is Sd, a focal length of the 

25 f0 lens system 6 is f, and a distance from the light 
outgoing side principal plane 11 of the f0 lens 
system 6 to a position (i.e., a photosensitive drum 
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surface) 12, in which the convergent light beams made 
incident on the f0 lens system 6 are converged and 
focused by the f0 lens system 6, is Sk. 
Here, since 
5 [Expression 1] 

Sk " Sd + / 

the focal length f is represented as follows: 
[Expression 2] 

SdxSk 
f m Sd-Sk 

10 In addition, when it is assumed that a 

deviation amount in the main-scanning direction of 
the principal rays of the respective light beams 
emitted from the respective luminescence parts A and 
B is 8y, and a deviation amount of the focusing 

15 positions of the spots in the main-scanning direction 
of the respective light beams emitted from the 
respective luminescence parts A and B on the 

photosensitive drum surface 7 is 5Y2 (maximum value) , 
as it is evident from the figure, a deviation 
20 represented by the following expression is caused: 
[Expression 3] 

f Sd 

FIG, 24 is an explanatory diagram showing a 
state in which principal rays of two light beams on 
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the scanning end side are deflected and reflected on 
the reflection surface of the polygon mirror 5. 

In the figure, first, a light beam, which is 
emitted from the luminescence part A, is reflected on 
5 the reflection surface 5a of the polygon mirror 5 in 
a direction of Al in the figure and focused on the 

photosensitive drum surface 7 by the f9 lens system 
(not shown) 6 . 

Next, a light beam, which is emitted from the 

10 luminescence part B at a time staggered by the 

predetermined time 8T, is reflected by the reflection 
surface 5' in the direction of Bl' in the figure, 
that is, the same direction as Al in the figure. At 
this point, the principal rays of the respective 

15 light beams are made incident on the f9 lens system 6 
deviating in the main-scanning direction by Sye . 

As it is seen from FIGS. 23 and 24, the light 
beam B' emitted from the luminescence part B deviates 
further to an optical axis side than the light beam 

20 A' emitted from the luminescence part A both on the 
scanning start side and the scanning end side. Thus, 
as shown in FIG. 26, a line (scanning line) scanned 
by the light beam B' is shorter than a line scanned 
by the light beam A' on the photosensitive drum 

25 surface 7 . 

In short, in the case in which the two light 
beams made incident on the f0 lens system 6 are 
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convergent light beams, a deviation amount 5Y2 in the 
main-scanning direction is generated in the focusing 
points of the respective light beams on the 
photosensitive drum surface 7. 
5 On the other hand, in the case in which a 

relative wavelength difference exists in light beams 
emitted from respective luminescent parts of a 
semiconductor laser having plural luminescence part, 
as it is well known, a magnification chromatic 

10 aberration is caused by an f0 lens system. As a 

result, a deviation amount 8Y3 in the main-scanning 
direction is generated in the focusing points of the 
respective light beams on the surface to be scanned 
due to the relative wavelength difference. 

15 In this embodiment, in the sub-scanning section, 

the respective light beams are made incident on the 
photosensitive drum surface 7 such that the principal 
rays thereof forms an angle, which is not zero, with 
respect to the normal line of the photosensitive drum 

20 surface 7, respectively. Consequently, when it is 
assumed that a maximum value of a positional 
deviation amount, which is generated in a first 
direction relatively parallel, to the main-scanning 
direction between the focusing points of the 

25 respective light beams on the photosensitive drum 
surface 7, is SY1, a maximum value of a positional 
deviation amount, which is generated in a second 
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direction relatively parallel to the main-scanning 
direction between the focusing points of the 
respective light beams on the photosensitive drum 
surface 7 as convergent light beams or divergent 
5 light beams are made incident on the f9 lens system 6 
in the main scanning direction, is 8Y2, and a maximum 
value of a positional deviation amount, which, when 
the light beams emitted from the two luminescence 
parts A and B have a relative wavelength difference, 

10 is caused in a third direction relatively parallel to 
the main-scanning direction between the focusing 
points of the respective light beams on the 
photosensitive drum surface 7 due to the relative 
wavelength difference, is SY3, the following 

15 conditional expression is satisfied: 

1 SY1+8Y2+SY3 I < MAX ( | 5Y1 1 , | 8Y2 | , | 5Y3 | ) (1) 
where, MAX ( | 5Y1 I , | 8Y2 | , | 8Y3 | ) is a largest value of 
absolute values of 8Y1,SY2 and 8Y3 . 

In other words, in this embodiment, a deviation 

20 of focusing positions in the main-scanning direction 
of plural spots is effectively corrected in an entire 
area of a surface to be scanned consisting of a 
photosensitive drum or the like by optimally 
selecting and setting the incident angle ($ the 

25 distance Sd from the light outgoing side principal 
plane 11 of the f0 lens system 6 to the natural 
convergent point 14 of the convergent light beams to 
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be made incident on the f9 lens system 6, the 
distance Sk from the light outgoing side principal 

plane 11 of the f0 lens system 6 to the position 12, 
in which the convergent light beams made incident on 
5 the f0 lens system 6 are converged and focused by the 
f0 lens system 6, and the like such that a total 
positional deviation amount is made smaller than or 
equal to the largest value of the absolute values of 
the positional deviation amounts 8Y1,5Y2 and 5Y3 so 

10 as to satisfy the conditional expression (1) and that 
an amount found by adding the positional deviation 
amount 5Y1, the positional deviation amount 5Y2, and 
the positional deviation amount 5Y3 are in directions 
in which the amounts are deviated in opposite 

15 directions and offset each other. 

Incidentally, it is likely that the 
predetermined incident angle P in the sub-scanning 
direction, which is formed by the two light beams to 
be made incident on the . photosensitive drum surface 7 

20 and the normal line of the photosensitive drum 

surface 7, cannot be set arbitrarily depending upon a 
structure of the inside of the image forming 
apparatus. In such a case, since it is difficult to 
correct a deviation of focusing positions in the 

25 main-scanning direction of two spots almost 

completely, it is sufficient to correct the deviation 
to an allowable level for an image ; 
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In general, a positional deviation of focusing 
points in the main-scanning direction tends to be 
visually recognized when the positional deviation 
exceeds 14 jam (0.014 mm), and influence of the 
5 positional deviation on an image cannot be neglected. 

Therefore, it is preferable that the following 
conditional expression is satisfied when the 
positional deviation amounts 5Y1, 5Y2 and 5Y3 are 
represented by a unit of mm, respectively. 

10 I5Y1+8Y2+8Y3 |<0.014 (mm) (2) 

Here, when it is assumed that a ratio of the 
distance Sd from the light outgoing side principal 
plane 11 of the f9 lens system 6 to the natural 
convergent point 14 of the convergent light beams to 

15 be made incident on the f9 lens system 6 and the 

distance Sk from the light outgoing side principal 
plane 11 of the f0 lens system 6 to the position 12, 
in which the convergent light beams made incident on 
the f9 lens system 6 are converged and focused by the 

20 f9 lens system 6, is a degree of non-parallelism 
represented as K=Sk/Sd, the positional deviation 
amount 8Y2 can be increased and offset the positional 
deviation amount 5Y1 more easily as a value of K is 
larger, that is, the degree of non-parallelism is 

25 higher. 

However, if the degree of non-parallelism K is 
too high, jitter of a period of the number of polygon 
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surfaces, which is caused due to errors of a rotation 
center of the polygon mirror 5 and a distance to the 
respective polygon surfaces from the rotation center, 
increases. Thus, in this embodiment, the positional 
5 deviation amount 5Y1 in the main-scanning direction 
of the focusing positions of the respective spots, 
which is generated in the case in which the two light 
beams to be made incident on the photosensitive drum 
surface 7 and the normal line of the photosensitive 

10 drum surface 7 are arranged forming the predetermined 
incident angle P in the sub-scanning direction, is 
offset by the amount found by adding the positional 
deviation amount 8Y2 in the main-scanning direction 
of the focusing positions of the respective spots, 

15 which is generated in the case in which the plural 

light beams made incident on the f0 lens system 6 are 
convergent light beams, and the positional deviation 
amount §Y3 in the main-scanning direction of the 
focusing position of the respective spots, which is 

20 generated due to magnification chromatic aberration 
caused by a relative wavelength difference of the 
light beams emitted from the two luminescence parts, 
rather than being offset only by the positional 
deviation amount 5Y2 . 

25 In this way, an amount of jitter of a period of 

the number of polygon surfaces, which is generated 
due to errors of a rotation center of the polygon 
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mirror 5 and a distance to the respective polygon 
surfaces from the rotation center , is set to be small. 

In other words, it is preferable that the 
positional deviation amount 5Y1, the positional 
5 deviation amount 8Y2, and the positional deviation 
amount 8Y3 satisfy the following conditional 
expression: 

5Y1 x (8Y2 + 5Y3) < 0 • • • (3) 

The above description is on the assumption that 
10 there are two luminescence parts for ease of 
understanding. However, it would be easily 
understood that, in this embodiment, the number of 
luminescence parts is not limited to two, and further 
effects can be obtained in the case in which the 
15 number of luminescence parts is as many as three or 
more . 

Properties of the multi-beam optical scanning 
device of the first embodiment of the present 
invention are shown in Tables 1 and 2. 



20 
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(Table 1) 



Reference wavelength of use 


A. (run) 


780 


Number of luminescence points 


N 


2 


Interval of luminescence points 


1 


0. 10000 


iniCAiicsd oi o6inj.cc>nuuc.uoxr laser cover glass 


QU 


a o c n An 
0 . 2O0U0 


KcLiactive _l nciex gi sciniconuuccur laser cover glass 


nu 


1 C 1 A"7 O 

1 . 01072 


iiignc source to rirsi suriace or collimator lens 


au 


OA C A A A A 


pn y-\r Hirp f flHl O'f f i rot 1 QHT*f ^PO Pnl 1 imahftr 1 one 
VfUl Va LU1 c iauiuo Ui i.lLo L O Lt J- 1. uLc Ul LUlllluaLOi. leilb 


Kl 


1 / O . H f ZUU 




ax 


O A A A A A 

2 . uuuuu 


X\cJ.J.aL.Ll vc UlUcA Ul LUllllIla LUI Xcllo 


ni 


i icon 1 ) 
l . / b2Uo 


Curvature radius of second surface of collimator lens 


R2 


-26.64500 


First surface of collimator lens to first surface of cylindrical 
lens 


d2 


18 . 90000 


Curvature radius in sub-scanning direction of first surface of 
cylindrical lens 


Rs3 


41.28700 


Curvature radius in main-scanning direction of first surface of 
cylindrical lens 


Rm3 


00 


Thickness of cyl indrical lens 


d3 


7 nnnnn 


Refractive index of cylindrical lens 


n3 


1 . 51072 


Curvature radius of second surface of cylindrical lens 


R4 


00 


■jc^viiu ouiiacc \j x. uyiuiuiicai icii^ CO opcl llilc o Lup 


CI H 


j 1 . ouuuu 


Aperture stop to polygon deflective reflection surface 


d5 


40.00000 


Polygon deflective reflection surface to first surface of first f0 
lens 


d6 


22. 89963 


Th i t-knti <3 «? o ~f f i r<5t" *Fft 1 pn«? 

nix^Micoo \J J_ x. J. J. O l_ d. vy XCJlo 


d7 


7 . 00000 


Kerraccive inaex or lirst io lens 


n7 


1 • Jt.4tv 


Second surface of first f9 lens to first surface of second f9 lens 


do 


O Ci 1 C A O A 

2 9.7 6089 


Thickness of second f0 lens 


d9 


8 . 38328 


Refractive index of second f9 lens 


n9 


1.52420 


Second surface of second f9 lens to surface to be scanned 


dlO 


188.44984 


Rear side principal plane of f9 lens to natural convergent point 
of convergent light beam 


Sd 


1034.45644 


Rear side principal plane of f0 lens to focusing position 


Sk 


202.92744 


f9 coefficient 


f 


212.71058 


Angle formed by light beam to be made incident on drum and normal 
line of drum 


P 


6.00000 


Incident angle on polygon of incidence optical system 


y 


70.00000 


Focal length of collimator lens 


fcol 


30.55254 


Interval of luminescence points of plural luminescence parts 


d 


0.10000 


Radius of circle inscribed in polygon 


r 


17.32051 


Maximum scanning angle 




41.75084 


Maximum value of angle formed by light beam to be made incident 
on surface to be scanned and normal line of surface to be scanned 


9 


29.30600 


Maximum value of wavelength difference of plural light beams 


5X 


2 nm 


Interval of focusing points in sub-scanning direction 


p 


42.3 fim 


Number of polygon surfaces 


n 


6 
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(Table 2) 



Shape of f9 lens 


First f9 lens 


First surface 


Second surface 


R 


-42.21306 


R 


-35.22468 


k 


-6.71975E+00 


ku 


-1.06781E+00 


B4 


2.48286E-06 


B4u 


7.18895E-06 


B6 


1.48860E-09 


B6u 


O.OOOOOE+00 


B8 


0.00O00E+OO 


B8u 


0.00000E+00 


BIO 


0.00000E+00 


BlOu 


O.OOOOOE+00 


r 


-22.80490 


r 


-22.00000 


D2 


0.00000E+00 


D2u 


O.OOOOOE+00 


D4 


0.00000E+00 


D4u 


0.00000E+00 


D6 


0.00000E+00 


D6u 


0.00000E+00 


D8 


0.00000E+00 


D8u 


0.00000E+00 


D10 


0.00000E+00 


DlOu 


0.00000E+00 


Second f0 lens 


First surface 


Second surface 


R 


253.47332 


R 


355.02833 


k 


-1.60613E+01 


k 


1.06354E+01 


B4 


-1.28956E-06 


B4 


-2.09072E-06 


B6 


2.63241E-10 


B6 


4 . 91479E-10 


B8 


-1.50049E-14 


B8 


-1.15785E-13 


BIO 


2 .50397E-18 


B10 


1.81213E-17 


r 


-33.18880 


r 


-16.66179 


D2 


9.52758E-04 


D2u 


3.97028E-04 


D4 


5.21274E-07 


D4u 


-6.03986E-08 


D6 


6.19534E-11 


D6u 


6.50107E-12 


D8 


5.64268E-14 


D8u 


0.00OOOE+0O 


D10 


0.00000E+00 


DlOu 


0.00000E+00 




D21 


4.15078E-04 


D41 


-6.46424E-08 


D61 


8.01461E-12 


D81 


0.00O0OE+0O 


D101 


0.00000E+00 
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Here, when it is assumed that a point of 
intersection of the respective lens surfaces and the 
optical axis is an origin, an optical axis direction 
is the X axis, an axis perpendicular to the optical 
5 axis in the main-scanning section is the Y axis, and 
an axis perpendicular to the optical axis in the sub- 
scanning section is the Z axis, an aspheric shape of 
the main-scanning section of the f0 lens system 6 is 
represented by the following aspheric formula: 
10 [Expression 4 ] 



20 



— + By+By+B B y 8 +B 10 y 1 



1 + ^k^y/Rff 

Note that R indicates a curvature radius, and k 
and B 4 to Bi 0 indicate aspheric coefficients* 

In a shape of one sub-scanning section, a 
15 curvature radius r' in a normal line direction of the 
main-scanning surface, in which a lens surface 
coordinate in the main-scanning direction is y, is 
represented by the following expression: 
[Expression 5] 



r'=r(l + D 2 y 2 + D 4 y 4 +D 6 y 6 +D 8 y 8 +D l0 y 10 ) 



Note that r indicates a curvature radius on the 
optical axis, and D 2 to Di 0 indicate coefficients. 

Here, in the case in which the respective 
coefficients are different depending upon plus and 
25 minus of a value of y, when the value of y is plus, 
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the curvature radius r' is calculated using D 2u to D 10u 
with a subscript u as coefficients. When the value 
of y is minus, the curvature radius r' is calculated 
using D 2 i to D101 with a subscript 1 as coefficients. 
5 In the multi-beam optical scanning device of 

this embodiment , as shown in FIG. 1, the two 
luminescence parts A and B are arranged, and an 
interval d of the two luminescence parts A and B is 
0.1 mm. In the sub-scanning section, the 

10 luminescence part A is arranged on the upper side and 
the luminescence part B is arranged on the lower side. 
Light beams emitted from the respective luminescence 
parts A and B pass through the condensing lens 2 and 
the cylindrical lens 4 to be focused in a linear 

15 shape oblong in the main-scanning direction on the 
reflection surface 5a of the polygon mirror 5. 

As shown in FIG. 2, on the reflection surface 
5a of the polygon mirror 5, the light beam emitted 
from the luminescence part A is focused on the lower 

20 side, and the light beam emitted from the 

luminescence part B is focused on the upper side. 
Thereafter, the light beams reflected on the 
reflection surface 5a of the polygon mirror 5 are 
focused in a spot shape on the photosensitive drum 

25 surface 7 by the f0 lens system 6. On the 

photosensitive drum surface 7, the light beam emitted 
from the luminescence part A is focused on the upper 
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side, and the light beam emitted from the 
luminescence part B is focused on the lower side. 

In FIG. 2, the normal line of the 
photosensitive drum surface 7 and the light beams 
5 from the respective luminescence parts A and B are 

arranged to form an angle p in the sub-scanning 
direction. Here, referring to FIG. 22, in the case 
in which two light beams and a photosensitive drum 
are arranged, a line scanned by a light beam on the 
10 upper side of the figure is longer than a line 

scanned by a light beam on the lower side of the 
figure . 

It would be easily understood that, in this 

embodiment, since the angle P in the sub-scanning 
15 direction is set as shown in FIG. 2, a positional 

deviation of focusing of the light beams emitted from 
the respective luminescence parts A and B is caused 
on the photosensitive drum surface 7 as shown in FIG. 
3, whereby a line scanned by the light beam from the 
20 luminescence part A is short, and a line scanned by 
the light beam from the luminescence part B is long. 

This positional deviation will be hereinafter 
referred to as a first positional deviation. 

On the other hand, as illustrated in FIGS. 23 
25 and 24, in the case in which the luminescence parts A 
and B are arranged as shown in FIG. 1 of this 
embodiment, if light beams emitted from the 
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condensing lens 2 are convergent light beams, as 
shown in FIG. 4, a line scanned by the light beam 
from the luminescence part A is long, and a line 
scanned by the light beam from the luminescence part 
5 B is short. 

This positional deviation will be hereinafter 
referred to as a second positional deviation. 

In addition, in the case in which a relative 
wavelength difference exists in the light beams 

10 emitted from the two luminescence parts A and B, as 
it is well known, magnification chromatic aberration 
is caused. Wavelength dependency of a refractive 
index of a general optical glass and a plastic 
material for optics has a characteristic that a 

15 refractive index decreases as a wavelength increases. 
Thus, in this embodiment, a wavelength of the light 
beam emitted from the luminescence part B is set to 
780 run which is a reference wavelength, and a 
wavelength of the light beam emitted from the 

20 luminescence part A is set to 782 nm which is 2 nm 
longer than the reference wavelength. In this case, 
as shown in FIG. 5, a line scanned by the light beam 
from the luminescence part A is long, and a line 
scanned by the light beam from the luminescence part 

25 B is short. 

This positional deviation will be hereinafter 
referred to as a third positional deviation. 
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In this embodiment, as described above, the 
first, the second and the third deviation amounts 5Y1, 
5Y2 and 5Y3 are set so as to satisfy conditional 
expression (1) . In addition, the second positional 
5 deviation and the third positional deviation are set 
in an opposite direction with respect to a direction 
of the first positional deviation such that an amount 
found by adding the second positional deviation 
amount and the third positional deviation amount are 

10 substantially equal to and offset by the first 

positional deviation amount. Finally, as shown in 
FIG. 6, it is possible to make lengths of a line 
scanned by the light beam from the luminescence part 
A and a line scanned by the light beam from the 

15 luminescence part B substantially equal. 

FIG. 7 shows the positional deviation amount 
8Y1 in this embodiment. In the figure, the 
horizontal axis indicates an image height, and a 
positional deviation amount is plotted by a unit of 

20 mm on the vertical axis. The figure shows a degree 
to which a focusing position of a light beam emitted 
from the luminescence part B deviates with respect to 
a focusing position of a light beam emitted from the 
luminance part A. 

25 In this embodiment, when the focusing position 

of the light beam emitted from the luminance part B 
deviates in a plus direction with respect to the 
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focusing position of the light beam, which is emitted 
from the luminescence part A, in a Y direction in the 
coordinate system in FIG. 22, the deviation is 
plotted in a plus direction of the vertical axis. 
5 Here, in this embodiment, the angle p in the sub- 
scanning direction in FIG. 2 is set to 20 degrees. 

In FIG. 8, the angle 9 formed. by the light beam 
used for scanning on the photosensitive drum surface 
7 by the f0 lens system 6 in the main-scanning 

10 surface and the normal line of the photosensitive 
drum surface 7 is plotted on the horizontal axis 
instead of the image height in FIG. 7. In this 
embodiment, a maximum value 0 max of the angle 9 is set 
to 29.306 degrees. 

15 Next, FIG. 9 shows the second positional 

deviation amount 5Y2 in this embodiment. In the 
figure, setting of the horizontal axis and the 
vertical axis is the same as FIG. 7. 

In this embodiment, a convergent light beam, 

20 which is condensed in a position 1034.45644 mm from 
the light outgoing side principal plane of the f9 
lens system 6, is made incident on the f9 lens system 
6. The light beam is focused in a position 202,92744 
mm from the light outgoing side principal plane of 

25 the f0 lens system 6 by the f9 lens system 6. The 

degree of non-parallelism K is set as K=Sk/Sd=0 . 19617 . 
In addition, the focal length f of the condensing 



- 37 - 



lens 2 is 30.55254 mm, and the interval d of the two 
luminescence parts A and B is 0.1 mm. Thus, a 
relative angle difference a in the main-scanning 
section of the principal ray of the two light beams 
5 emitted from the condensing lens 2 is 0.18753 degrees. 

In addition, FIG. 10 shows the third positional 
deviation amount 5Y3 in this embodiment. In the 
figure, setting of the horizontal axis and the 
vertical axis is the same as FIG . 7 . 

10 In this embodiment, a wavelength of the light ' 

beam emitted from the luminescence part B is set to 
780 nm which is a reference wavelength, and a 
wavelength of the light beam emitted from the 
luminescence part A is set to 782 nm which is 2 nm 

15 longer than the reference wavelength. 

A sum of the first, the second, and the third 

positional deviation amounts 5Y1, 5Y2 and 5Y3 is a 
total of actually remaining positional deviation 
amount. The total positional deviation amount is 

20 shown in FIG. 11. As it is seen from FIG. 11, the 

total positional deviation amount carl' be effectively 
corrected by the first positional deviation amount 
8Y1 which is generated in the case in which the 
respective light beams to be made incident on the 

25 photosensitive drum surface 7 and the normal line of 
the photosensitive drum surface 7 are arranged 
forming the predetermined incident angle P in the 
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sub-scanning direction, the second positional 
deviation amount 5Y2 which is generated by making 
convergent light beams incident on the f9 lens system 
6, and the third positional deviation amount 8Y3 
5 which is generated due to a relative wavelength 
difference of the respective light beams. 

It is seen that, in this embodiment, a final 
total positional deviation amount is controlled to be 
smaller than or equal to a largest value of absolute 

10 values of the positional deviation amounts 5Y1, 5Y2 

and 5Y3, and conditional expression (1) is satisfied. 
In addition, it is seen that the final total 
positional deviation amount is controlled to be a 
small amount of 3 pm (0.003 mm) or less in an entire 

15 effective scanning area, and conditional expression 
(2) is satisfied. Further, it is seen that, since 
the direction of the first positional deviation and 
the direction of the second positional deviation and 
the third positional deviation are opposite, 

20 conditional expression (3) is also satisfied. 

As described above, in this embodiment, the 
relative angle difference a in the main-scanning 
section of the principal rays of the two light beams 
emitted from the condensing lens 2, the average value 

25 P of an angle which the principal rays of the two 

light beams to be made incident on the photosensitive 
drum in the sub-scanning direction forms with respect 
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to the normal line of the photosensitive drum surface 
7, the angle 0 formed by the normal line of the 
photosensitive drum surface 7 in the maximum scanning 
position of the two light beams, which is used for 
5 scanning the photosensitive drum surface 7 by the f0 
lens system 6 in the main-scanning section, and the 
two light beams, the relative wavelength difference 
5A, of the two light beams emitted from the two 
luminescence parts A and B, and the degree of non- 
10 parallelism K of the two light beams converted into 
convergent light beams (or divergent light beams) by 
the condensing lens 2 are optimally set, respectively, 
so as to satisfy conditional expression (1) and also 
satisfy conditional expression (2) and/or conditional 
15 expression (3) . 

This makes it possible to realize a multi-beam 
optical scanning device which effectively corrects a 
positional deviation of focusing in the main-scanning 
direction and is optimal for high-speed and a high 
20 image quality. 

(Second embodiment) 

Next, a second embodiment of the present 
invention will be described* 

FIG, 12 is a sectional view of a principal part 
25 in a main-scanning direction (main-scanning sectional 
view) of the second embodiment of the present 
invention. FIG. 13 is a sectional view of a. 
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principal part in a sub-scanning direction (sub- 
scanning sectional view) of FIG. 12. In FIGS. 12 and 
13, elements identical with those shown in FIGS. 1 
and 2 are denoted by the same reference numerals and 
5 signs. 

This embodiment is different from the first 
embodiment in that : 

(1) the number of luminescence parts N is changed 
from two to four (luminescence parts A, B, C and D) ; 
10 (2) the angle (3 formed by the plural light beams in a 
sub-scanning section and the normal line of the 
photosensitive drum surface 7 is changed from 20 
degrees to 14.1 degrees; and 

(3) a wavelength of a light beam emitted from the 
15 luminescence part D is set to 780 nm which is a 

reference wavelength, and a wavelength of a light 
beam emitted from the luminescence part A is set to 
785 nm which is longer than the reference wavelength 
by 5 nm. 

20 The other parts of the structure and optical 

actions are substantially the same as those in the 
first embodiment, whereby the same effects are 
obtained. 

In short, it would be easily understood that, 
25 in this embodiment, as the number of luminescence 
parts N increases, the first positional deviation 
amount 5Y1 increases. In this embodiment, a further 
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effect is shown as the number of luminescence parts N 
increases . 

FIG. 14 shows the first positional deviation 
amount §Y1 in this embodiment. In the figure, the 
5 horizontal axis indicates an image height, and a 

positional deviation amount is plotted by a unit of 
mm on the vertical axis. The figure shows a degree 
to which a focusing position of a light beam emitted 
from the luminescence part D deviates with respect to 

10 a focusing position of a light beam emitted from the 
luminance part A. 

In this embodiment, when the focusing position 
of the light beam emitted from the luminance part D 
deviates in a plus direction with respect to the 

15 focusing position of the light beam, which is emitted 
from the luminescence part A, in a Y direction in the 
coordinate system in FIG. 22, the deviation is 
plotted in a plus direction of the vertical axis. It 
is seen that, compared with FIG. 7, the positional 

20 deviation amount clearly increases. In this 

embodiment, the angle P in the sub-scanning direction 
in FIG. 13 is set to 14.1 degrees. 

In FIG. 15, the angle 0 formed by the light 
beam used for scanning on the photosensitive drum 
25 surface 7 by the f9 lens system 6 in the main- 
scanning surface and the normal line of the 
photosensitive drum surface 7 is plotted on the 
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horizontal axis instead of the image height in FIG. 
14. In this embodiment, a maximum value 0 ma x of the 
angle 0 is set to 29.306 degrees as in the first 
embodiment . 

5 Next, FIG. 16 shows the second positional 

deviation amount 5Y2 in this embodiment. In the 
figure, setting of the horizontal axis and the 
vertical axis is the same as FIG. 14. 

In this embodiment, as in the first embodiment, 

10 a convergent light beam, which is condensed in a 

position 1034.45644 mm from the light outgoing side 
principal plane of the f9 lens system 6, is made 
incident on the f9 lens system 6. The light beam is 
focused in a position 202.92744 mm from the light 

15 outgoing side principal plane of the f0 lens system 6 
by the f0 lens system 6. The degree of non- 
parallelism K is set as K=Sk/Sd=0 . 19617 . In addition, 
a focal length fcol of the condensing lens 2 is 
30.55254 mm, and the interval d of the four 

20 luminescence parts A, B, C and D is 0.1 mm. Thus, a 
maximum value a of a relative angle difference in the 
main-scanning section of the principal ray of the 
four light beams emitted from the condensing lens 2 
is 0.56259 degrees. 

25 In addition, FIG. 17 shows the third positional 

deviation amount 5Y3 in this embodiment. In the 
figure, setting of the horizontal axis and the 
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vertical axis is the same as FIG. 14. 

In this embodiment, a wavelength of the light 
beam emitted from the luminescence part D is set to 
780 nm which is a reference wavelength, and a 
5 wavelength of the light beam emitted from the 

luminescence part A is set to 785 nm which is 5 nm 
longer than the reference wavelength. 

A sum of the first, the second, and the third 

positional deviation amounts 5Y1, 8Y2 and 5Y3 is a 
10 total of actually remaining positional deviation 
amount. The total positional deviation amount is 
shown in FIG. 18. As it is seen from FIG. 18, the 
total positional deviation amount can be effectively 
corrected by the first positional deviation amount 

15 5Y1 which is generated in the case in which the 

respective light beams to be made incident on the 
photosensitive drum surface 7 and the normal line of 
the photosensitive drum surface 7 are arranged 
forming the predetermined incident angle P in the 

20 sub-scanning direction, the second positional 

deviation amount 5Y2 which is generated by making 
convergent light beams incident on the f0 lens system 
6, and the third positional deviation amount 5Y3 
which is generated due to a relative wavelength 

25 difference of the respective light beams. 

It is seen that, in this embodiment, a final 
total positional deviation amount is controlled to be 
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smaller than or equal to a largest value of absolute 
values of the positional deviation amounts 5Y1, 5Y2 
and 8Y3, and conditional expression (1) is satisfied. 
In addition, it is seen that the final total 
5 positional deviation amount is controlled to be a 

small amount of 5 jam (0.005 mm) or less in an entire 
effective scanning area, and conditional expression 
(2) is satisfied. Further, it is seen that, since 
the direction of the first positional deviation and 

10 the direction of the second positional deviation and 
the third positional deviation are opposite, 
conditional expression (3) is also satisfied. 

In addition, in this embodiment, respective 
parameters are set such that: 

15 the number of luminescence parts N is four; 

an average value y of an angle formed by the 
principal rays of the four light beams emitted from 

the condensing lens 2 and the optical axis of the f8 

lens system 6 is 70 degrees; 
20 the focal length fcol of the condensing lens 2 

is 30.55254 mm; 

the interval d of the four luminescence parts A, 

B, C and D is 0.1 mm; 

the average value p of the angle which the 
25 principal rays of the four light beams to be made 

incident on the photosensitive drum surface 7 in the 

sub-scanning section forms with respect to the normal 
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line of the photosensitive drum surface 7 is 14,1 
degrees ; 

a radius r of a circle inscribed in the polygon 
mirror is 17.32051 mm; 
5 a maximum scanning angle T| of the four light 

beams deflected and used for scanning by the polygon 
mirror is 41.75084 degrees; 

the angle 0 max formed by the normal line of the 
photosensitive drum surface 7 in the maximum scanning 
10 position of the four light beams, which are used for 
scanning the photosensitive drum surface 7 by the f9 
lens system 6, and the four light beams is 29.306 
degrees; 

the maximum value 5A, of the relative wavelength 
15 difference of the four light beams emitted from the 
four luminescence parts A, B, C and D is 5 nm; 

the distance Sd from the light outgoing side 
principal plane of the f9 lens system 6 to the 
natural convergent point of the convergent light 
20 beams or the divergent light beams converted by the 
condensing lens 2 is 1034; 45644 mm; 

the distance Sk from the light outgoing side 

principal plane of the f0 lens system 6 to the 
position, in which the convergent light beams or the 
25 divergent light beams converted by the condensing 
lens 2 are converged and focused by the f0 lens 
system 6, is 202.92744 mm; 
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the f9 coefficient f of the f0 lens system 6 is 
212.71058 mm; and 

an interval P of focusing points in the sub- 
scanning direction on the photosensitive drum surface 
5 7 of four light beams determined from a resolution is 
0.042333 mm (600 DPI) . 

Here, the first positional deviation amount 5Y1, 
which is a deviation amount between a focusing 
position of a light beam emitted from the 

10 luminescence part A and a focusing position of a 
light beam emitted from the luminescence part D, 
generated in the case in which the respective light 
beams to be made incident on the photosensitive drum 
surface 7 and the normal line of the photosensitive 

15 drum surface 7 are arranged forming the predetermined 

incident angle |3 in the sub-scanning direction can be 
represented by the following expression: 
[Expression 6] 

SY1 = P(N - 1) x sin /3 x tan 6^ 

20 On the other hand, the second positional 

deviation amount 5Y2 generated by making convergent 
light beams incident on the fO lens system 6 becomes 
maximum in the maximum scanning position on the 
opposite side of the light source means 1 because, 

25 referring to FIGS. 23 and 24, 5ye in FIG. 24 is 
larger than 5ys in FIG. 23. 
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Here, the second positional deviation amount 

5Y2 can be approximated as represented by the 
following expression : 
[Expression 7] 

yjd(N-l)( d{N-i)\\ 
r tan -i — i 1\ cos 2arctan — * + cos y tan 

5 12 2j 

In addition, the third positional deviation 

amount 5Y3 due to a magnification chromatic 
aberration in the case in which a relative wavelength 
difference exists in the light beams emitted from the 
10 four luminescence parts A, B, C and D is set to a 
dispersion value of an optical glass or a plastic 
material for. optics constituting the f0 lens system 6. 
In a range of a dispersion value of a usual optical 
glass or a plastic material for optics, the third 

15 positional deviation amount 5Y3 can be approximated 
as follows: 

8Y3 =9.5 5Xf 

Here, in this embodiment, as it is seen from 
FIG. 14 or 15 and FIGS. 16 and 17, the first 

20 positional deviation amount 8Y1 is corrected by the 

second and the third positional deviation amounts 8Y2 
and 5Y3 in the opposite direction. A correction 
residual 8all thereof can be represented as follows 
in an approximated manner using the first, second and 

25 third positional deviation amounts 8Y1, 8Y2 and 8Y3: 
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10 



15 



20 



[Expression 8] 
&2ll=\5Yl-(SY2 + 8Y3) 



/>(tf-l)sin/Jtan0 ra „ - 



rtan 



t) d{N-\) [ 
2 2/„ 



fcos(2 arctan — — ) + cosy tanw) 

Li 2/ - I I*.****, 

. It T7\ Sd 



-(H) 



In general, a positional deviation of focusing 
points in the main-scanning direction tends to be 
visually recognized easily when the positional 
deviation exceeds 14 jjuti (0.014 mm), and influence of 
the positional deviation on an image cannot be 
neglected. Thus, it is desirable that the following 
conditional expression is satisfied: 
[Expression 9] 

hall -\5Y\~{6Y2 + SY3) 

)( / , d(N-l) \ , ^ 

'-\ cos 2 arctan— - + cosy tan>7 

\ \ 2 f°" ) 1 



P(N -lJsin/Jtane^, - 



(4) 



rj d(N-l) ( 

2 2/„, 



r tan -f- ' | cos| 2 arctan — \ 



+9.5&V 



U 2J 



* 0.014 



When the respective numerical values in this 
embodiment are substituted in expression 9, 8all is 
equal to 0.00277. This satisfies conditional 
expression ( 4 ) . 

As described above, in this embodiment, 
respective characteristics of an optical system are 
set so as to satisfy conditional expression (4) . 
This makes it possible to realize a multi-beam 
optical scanning device which effectively corrects a 
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positional deviation of focusing in the main-scanning 
direction and is optimal for high-speed and a high 
image quality. 
(Third embodiment) 
5 Next, a third embodiment of the present 

invention will be described. 

FIG. 19 is a sectional view of a principal part 
in a main-scanning direction (main-scanning sectional 
view) of the third embodiment of the present 

10 invention. FIG. 20 is a sectional view of a 

principal part in a sub-scanning direction (sub- 
scanning sectional view) of FIG. 19. In FIGS. 19 and 
20, elements identical with those shown in FIGS. 1 
and 2 are denoted by the same reference numerals and 

15 signs. 

This embodiment is different from the first 
embodiment in that there are two light sources 1 
which have luminescence parts A and B, respectively, 
and there are two condensing lenses 2 corresponding 

20 to the respective light sources 1. The other parts 
of the structure and optical actions are 
substantially the same as those in the first 
embodiment, whereby the same effects are obtained. 

Here, the maximum value a of the relative angle 

25 difference in the main-scanning section of the 

principal rays of the two light beams to be made 
incident on the polygon mirror 5 is set to 4 degrees. 
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In addition, a convergent light beam, which is 
condensed in a position 3316.80933 mm from the light 
outgoing side principal plane of the f9 lens system 6, 
is made incident on the f0 lens system 6. The light 
5 beam is focused in a position 201.05427 mm from the 
light outgoing side principal plane of the f9 lens 
system 6 by the f0 lens system 6. The degree of non- 
parallelism K is set as K=Sk/Sd=0 . 06062 . In addition, 
the relative wavelength difference of the light beams 

10 emitted from the two luminescence parts A and B is 

set to zero, and the other characteristics are set in 
the same manner as the second embodiment. 

Referring to FIGS. 23 and 24, it can be 
understood easily that the amounts of 5ys and 5ye 

15 increase as an angle formed by the light beam from 
the luminescence part A and the light beam from the 
luminescence part B increases. In other words, it is 
seen that the second positional deviation amount 8Y2, 
which is generated by making convergent light beams 

20 incident on the f0 lens system 6, is increased as the 
maximum value a of the relative angle difference in 
the main-scanning section of the principal rays of 
the two light beams to be made incident on the 
polygon mirror 5 is increased. 

25 If this principle is utilized, the first 

positional deviation amount 5Y1, which a deviation 
amount of the focusing position of the light beam 
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emitted from the luminescence part A and the focusing 
position of light beam emitted from the luminescence 
part B, generated in the case in which the respective 
light beams to be made incident on the photosensitive 
5 drum surface 7 and the normal line of the 

photosensitive drum surface 7 are arranged forming 
the predetermined incident angle (3 in the sub- 
scanning direction can be corrected only by the 
second positional deviation amount 5Y2 without using 

10 the third positional deviation amount 5Y3 due to the 
relative wavelength difference of the two 
luminescence parts A and B. 

In this embodiment, there is a characteristic 
in that, by setting the angle a to as large as 4 

15 degrees, the first positional deviation amount 8Y1, 
which a deviation amount of the focusing position of 
the light beam emitted from the luminescence part A 
and the focusing position of light beam emitted from 
the luminescence part B, generated in the case in 

20 which the respective light beams to be made incident 
on the photosensitive drum surface 7 and the normal 
line of the photosensitive drum surface 7 are 
arranged forming the predetermined incident angle p 
in the sub-scanning direction is corrected only by 

25 the second positional deviation amount 5Y2 generated 
by making convergent light beams incident on the f0 
lens system 6. 
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<5F2 = 2 2^ ^ » 



Here, the first positional deviation amount 5Y1 
can be calculated by the following expression 
described in the second embodiment: 
[Expression 10] 

6Y1 - P(N - 1) x sin fi x tan 0^ 

On the other hand, the second positional 
deviation amount 5Y2 can be approximated as follows: 
[Expression 11] 

r tan — tan — (cos a + cos y tan r}) 

J 

10 In this embodiment, since the first positional 

deviation amount 5Y1 is corrected only by the second 
positional deviation amount 5Y2, the correction 
residual Sail thereof can be represented as follows 
in an approximated manner using the first and the 

15 second positional deviation amounts 5Y1 and 5Y2 : 
[Expression 12] 

Sail - \SY1 - SY2\ 

r tan — tan — (cos ct ■+ cos y tan 77) ~. 
F(N - l)sin tan O m 2 2 



sin 



\2 2, 



<W) 



Sd 



In general, a positional deviation of focusing 
points in the main-scanning direction tends to be 
20 visually recognized easily when the positional 

deviation exceeds 14 pm (0.014 mm), and influence of 
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the positional deviation on an image cannot be 
neglected* Thus, it is desirable that the following 
conditional expression is satisfied: 
[Expression 13] 

Salt - |<5n-<5r2| 

r tan — tan — (cos ct + cos y tan rj ) 



iaj i %jl ~r v~«^o j- ion r / j ~, 

I>(N -l)sin £ tan 0 roM ? 2 



; 0.014 



(5) 

When the respective numerical values in this 
embodiment are substituted in expression 13, Sail is 
equal to 0.00464. This satisfies conditional 

10 expression (5) . 

As described above, in this embodiment, 
respective characteristics of an optical system are 
set so as to satisfy conditional expression (5) . 
This makes it possible to realize a multi-beam 

15 optical scanning device which effectively corrects a 
positional deviation of focusing in the main-scanning 
direction and is optimal for high-speed and a high 
image quality . 

Here, in this embodiment, the first positional 

20 deviation amount 5Y1, which a deviation amount of the 
focusing position of the light beam emitted from the 
luminescence part A and the focusing position of 
light beam emitted from the luminescence part B, 
generated in the case in which the respective light 
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beams to be made incident on the photosensitive drum 
surface 7 and the normal line of the photosensitive 
drum surface 7 are arranged forming the predetermined 
incident angle (5 in the sub-scanning direction is 
5 corrected only by the second positional deviation 

amount 5Y2 without using the third positional 
deviation amount 5Y3 due to the relative wavelength 
difference of the two luminescence parts A and B. 
However, it goes without saying that, even if the 

10 third positional deviation amount 5Y3 due to the 
relative wavelength difference of the two 
luminescence parts A and B is used for the correction, 
this does not mean departure from the spirit of the 
present invention . 

15 In that case, instead of the conditional 

expression (5) , the following conditional expression 
only has to be satisfied: 
[Expression 14] 

Sail - SY1 - (SY2 + SY3) 



r tan — tan ~ (cos a + cosy tan 77) 



\ 



P(N - l)sin fi tan ~ 



2 2 X 



Sk 



> 9.SS\f 



* 0.014 



20 



(6) 



As described above, in this embodiment, 



respective characteristics of an optical system are 



set so as to satisfy conditional expressions (5) and 



(6) . This makes it possible to realize a multi-beam 
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optical scanning device which effectively corrects a 
positional deviation of focusing in the main-scanning 
direction and is high-speed and optimal for a high 
image quality. 

5 Note that, although the descriptions have been 

made assuming that the light beams emitted from the 
condensing lens 2 are convergent light beams in the 
respective embodiments of the present invention, it 
is needless to mention that the same correction is 

10 possible even if the light beams are assumed to be 
divergent light beams. In that case, it could be 
easily understood that the same correction is 
possible by reversing the vertical positions in the 
sub-scanning direction of the two luminescence parts 

15 A and B. 

The f0 lens system 6 in the first to the third 
embodiments is constituted by the two lenses 6a and 
6b. However, the present invention is not limited to 
a two lens system, and the f0 lens system 6 may be 

20 constituted by one lens or three or more lenses. 

In addition, an optical element constituting 
the f0 lens system 6 (third optical system) is not 
limited to a lens. A power mirror (curved surface 
mirror) or a diffractive optical element may be 

25 included in the f8 lens system 6 (third optical . 
system) . 

Further, as the light source means having at 
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least two luminescence parts used in the present 
invention, a monolithic multi-beam laser is used. As 
the monolithic multi-beam laser, both an edge- 
emitting laser and a surface emitting laser are used. 
5 Moreover, light source means of a beam 

composition system such as a polarizing beam splitter, 
in which at least two monolithic single semiconductor 
lasers are combined, can also be applied to the 
present invention . 

10 Image forming apparatus 

FIG. 21 is a sectional view of a principal part 
in a sub-scanning direction showing an embodiment of 
an image forming apparatus of the present invention. 
In the figure, reference numeral 104 denotes an image 

15 forming apparatus. Code data Dc is inputted to this 
image forming apparatus 104 from an external device 
117 such as a personal computer. This code data Dc 
is converted into image data (dot data) Di by a 
printer controller 111 in the image forming apparatus 

20 104. This image data Di is inputted to an optical 
scanning unit (multi-beam optical scanning device) 
100 having the structure described in the first to 
the fourth embodiments. Then, a light beam 103, 
which is modulated according to the image data Di, is 

25 emitted from this optical scanning unit 100, and a 

photosensitive surface of the photosensitive drum 101 
is scanned in the main-scanning direction by this 
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light beam 103. 

The photosensitive drum 101 serving as an 
electrostatic latent image bearing member 
(photosensitive member) is rotated clockwise by a 
5 motor 115. Then, in accordance with this rotation, 

the photosensitive surface of the photosensitive drum 
101 moves in a sub-scanning direction perpendicular 
to the main-scanning direction with respect to the 
light beam 103. A charging roller 102 for charging 

10 the surface of the photosensitive drum 101 uniformly 
is provided above the photosensitive drum 101 so as 
to come into abutment against the surface. Further, 
the light beam 103, which is used for scanning by the 
optical scanning unit 100, is irradiated on the 

15 surface of the photosensitive drum 101 which is 
charged by the charging roller 102. 

As described before, the light beam 103 is 
modulated on the basis of the image data Di . An 
electrostatic latent image is formed on the surface 

20 of the photosensitive drum 101 by irradiating the 

light beam 103. This electrostatic latent image is 
developed as a toner image by a developing device 107 
which is disposed so as to come into abutment against 
the photosensitive drum 101 further on a downstream 

25 side in a rotating direction of the photosensitive 
drum 101 than an irradiation position of the light 
beam 103. 
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The toner image developed by the developing 
device 107 is transferred onto a sheet 112, which 
serves as a material to have an image transferred 
thereon, by a transfer roller 108, which is disposed 
5 so as to be opposed to the photosensitive drum 101, 
below the photosensitive drum 101. Although the 
sheet 112 is stored in a sheet cassette 109 in front 
of the photosensitive drum 101 (right side in FIG. 
21), the sheet 112 can also be fed manually. A sheet 

10 feeding roller 110 is disposed at an end of the sheet 
cassette 109 and feeds the sheet 112 in the sheet 
cassette 109 to a conveyance path. 

The sheet 112 having an unfixed toner image 
transferred thereon is further conveyed to a fixing 

15 device behind the photosensitive drum 101 (left side 
in FIG. 21) as described above. The fixing device is 
constituted by a. fixing roller 113 having a fixing 
heater in the inside thereof and a pressure roller 
114, which is disposed so as to come into pressed 

20 contact with the fixing roller 113. The fixing 

device fixes the unfixed toner image on the sheet 112 
by heating the sheet 112 transferred from a transfer 
section while pressuring the sheet 112 with a press 
contact section of the fixing roller 113 and the 

25 pressure roller 114. Moreover, a sheet discharge 

roller 116 is disposed behind the fixing roller 113 
and discharges the sheet li2 having the toner image 



- 59 - 



fixed thereon to the outside of the image forming 
apparatus . 

Although not illustrated in FIG . 21, the 
printer controller 111 performs -not only the 
5 conversion of data described above but also control 
of the respective sections in the image forming 
apparatus such as the motor 115, a polygon motor in 
an optical scanning unit to be described later, and 
the like. 

10 Color image forming apparatus 

FIG. 32 is a schematic diagram of a principal 
part of a color image forming apparatus of an aspect 
of the present invention. This embodiment is a color 
image forming apparatus of a tandem type in which 

15 four optical scanning devices are arranged to record 
image information on a photosensitive drum serving as 
an image bearing member in parallel with each other. 
In FIG. 32, reference numeral 2 60 denotes a color 
image forming apparatus; 211, 212, 213 and 214, 

20 optical scanning devices (multi-beam optical scanning 
devices) having any one of the structures described 
in the first to the third embodiments; 221, 222, 223 
and 224, photosensitive drums serving as image 
bearing members; 231, 232, 233 and 234, developing 

25 devices; and 251, a conveyor belt. 

In FIG. 32, color signals of R (red) , G (green) 
and B (blue) are inputted to the color image forming 
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apparatus 2 60 from an external device 252 such as a 
personal computer. These color signals are converted 
into image data (dot data) of C (cyan), M (magenta), 
Y (yellow) and B (black) by a printer controller 253 
5 in the color image forming apparatus 2 60. These 
image data are inputted to the optical scanning 
devices 211, 212, 213 and 214, respectively. Light 
beams (multi-beam lasers) 241, 242, 243 and 244, 
which are modulated according to the respective image 
10 data, are emitted from these optical scanning devices 
211, 212, 213 and 214. Photosensitive surfaces of 
the photosensitive drums 221, 222, 223 and 224 are 
scanned in a main-scanning direction by these light 
beams . 

15 In the color image forming apparatus of this 

aspect of the present invention, the four optical 
scanning devices (211, 212, 213 and 214) are arranged, 
correspond to the colors of C (cyan) , M (magenta) , Y 
(yellow) and B (black) , respectively, and record 

20 image signals (image information) on the surfaces of 
the photosensitive drums 221, 222, 223 and 224 in 
parallel with each other to print a color image at 
high speed. 

The color image forming apparatus in this 

25 aspect of the present invention forms latent images 
of the respective colors on the surfaces of the 
corresponding photosensitive drums 221, 222, 223 and 
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224 using light beams based upon the respective image 
data with the four optical scanning devices 211, 212, 
213 and 214 as described above. Thereafter, the 
latent images are multiply transferred onto a 
5 recording medium to form one full-color image . 

As the external device 252, for example, a 
color image reading apparatus including a CCD sensor 
may be used. In this case, this color image reading 
apparatus and the color image forming apparatus 2 60 

10 constitute a color digital copying machine. 

The various examples and embodiments of the 
present invention have been described. Those skilled 
in the art would appreciate that the spirit and the 
scope of the present invention are not limited to the 

15 specific descriptions and drawings in this 

specification but cover various modifications and 
alterations described in claims. 

According to the present invention, by setting 
the respective elements optimally so as to satisfy 

20 respective conditional expressions as described above, 
a deviation of focusing positions in a main-scanning 
direction of plural spots in an entire surface to be 
scanned is almost completely offset and corrected 
without deteriorating focusing properties at all. 

25 Consequently, a multi-beam optical scanning apparatus 
suitable for high speed and high recording density 
can be attained. 



